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ARTICLE INFO ABSTRACT

Article history: Leishmaniasis is a major neglected tropical disease which contributes a huge economic burden on
Received 12 April 2020 already meager economic resources. The World Health Organization (WHO) has estimated an an-
Received in revised form 19 November 2020 nual incidence of 700,000-1,000,000 patients and about 20,000-30,000 deaths per year. Approxi-

Accepted 22 November 2020 mately 66,941 patients of cutaneous leishmaniasis are reported annually in the Americas. In

recent years, Nicaragua has presented alarmingly high numbers of patients and elevated incidence
rates. Unfortunately, there are no detailed spatial descriptions on the epidemiological situation of
Keyw ords.: ) leishmaniasis in this country. The objective of this study is to present descriptive data about the ep-
Leishmaniasis idemiology of leishmaniasis in Nicaragua in the context of the distribution of this neglected tropical

gﬁledirggrliociz disease (NTD) in the Americas. This paper also provides an epidemiological update on different
Nicaragua forms of leishmaniasis found in the three administrative regions of Nicaragua and its municipalities.

Health authorities from the Ministry of Health of Nicaragua (MINSA) provided the entomological
and epidemiological information for the different forms of the disease from 2001 to 2018. Preva-
lence, incidence rates, clinical classification of disease, age groups, sex, and geographic distribution
by municipality and department are described in this study. Approximately 90%-95% of the national
patients corresponded to CL and 5-10% correspond to MCL. The disease is distributed in the three
regions of the country, with a higher burden in the Departments of Jinotega, Matagalpa and
Atlantico Norte. The municipalities with the highest proportion of patients were El Cua (23.92%),
Waslala (14.16), Santa Maria de Pantasma (9.62%), Rancho Grande (9.03%) and Siuna (7.67%).
There is an expansion of spatial distribution of CL and MCL in the North Central and South Atlantic
regions of the country. These results could inform interventional strategies to address the burden of
leishmaniasis in Nicaragua, which would improve the likelihood of meeting the goals for the Leish-

maniasis Plan of Action for the Americas.
© 2020 Published by Elsevier Ltd on behalf of World Federation of Parasitologists. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

1. Introduction

Leishmaniasis are a group of multiorgan diseases caused by more than twenty species of the parasite Leishmania spp. This
microorganism is transmitted through the bite of female sand-flies of the genus Lutzomyia in the New World and Phlebotomus in the
0ld World. The disease comprises a variety of clinical syndromes that include cutaneous leishmaniasis (CL), mucocutaneous leishman-
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iasis (MCL) and visceral leishmaniasis (VL) (Torres-Guerrero et al., 2017). All persons exposed to the vector are susceptible to infection,
especially men because of occupational exposure (farmers, military, and loggers) and children because of their
immunological susceptibility (World Health Organization, 2020a). CL and MCL usually involve uncovered areas of the body, such as
face and extremities (Savoia, 2015). Even after healing, the scars of these lesions can disfigure a person's face, leading to social stigma
and psychological repercussions (Handler et al., 2015). On the other hand, VL mainly affects internal organs, such as liver and spleen.
It has a high case-fatality rate (10-20%), making it the second most dangerous parasitic tropical disease after malaria (Turan etal.,2015).

As a major neglected tropical disease (NTD), a zoonosis and a vector transmitted infection, leishmaniasis is an extremely dif-
ficult burden to control in developing nations (Kamhawi, 2017). The WHO calculates an incidence of 700,000-1,000,000 patients
per year and 20,000-30,000 deaths (Ministerio de Salud, 2019). Different from the reported incidence of other NTDs, the inci-
dence of leishmaniasis is increasing, most likely due to improvements in the access to diagnosis and treatment (Georgiadou
et al., 2015). More than 90% of the total number of leishmaniasis patients in the world are reported in six countries: Brazil,
Ethiopia, India, Somalia, South Sudan, and Sudan (World Health Organization, 2020b).

Approximately 66,941 patients of CL are reported annually in the Americas which accounts for approximately 30% of the total
patients of CL worldwide (Pan American Health Organization, 2019). The countries with the highest number of patients are Brazil,
Peru, and Colombia (Cruz-Chan et al., 2015) (WHO, 2016). In Central America, 39,000 patients are reported annually, which cor-
responds to 12% of Latin America's annual incidence. Most of the patients are reported in Nicaragua, Panama, and Costa RicSa
(Hotez et al,, 2014).

The main vectors in the Central American region are Lutzomyia spp., which are known as “chirizo,” “rodador” or “papalomoyo” in
Nicaragua. More than 30 species of Lutzomyia and one species of Brumptomyia have been reported in the Nicaraguan territory (Cruz-
Chan et al., 2015) (Raymond et al., 2010). The anthropophilic species responsible for the transmission of CL and MCL in the country
are Lu. trapidoi, Lu. ylephyletor, Lu. cruciata, Lu. shannoni, Lu. gomezi and Lu. panamensis (Maroli et al., 2013). VL is transmitted by Lu.
longipalpis and Lu. evansi. Lu. longipalpis and Lu. evansi is mainly found in the pacific plains of the country where atypical cutaneous leish-
maniasis is endemic. The vectors described in the central highlands and the Atlantic plains are Lu. barrettoi majuscule, Lu. shannoni and
Lu. panamensis. Additionally, Lu. panamensis was isolated from El Cua, El Balsamo, and Rosa Grande and is considered a suspected vector
of CLin the central highlands and northern region (Pan American Health Organization, 2018).

The clinical form of the disease depends greatly on the subspecies of the parasite and the genetic and immunologic factors of
the human host (Torres-Guerrero et al., 2017). The localized cutaneous leishmaniasis (CL) patients in the country are mainly
caused by Leishmania mexicana while MCL is mainly caused by L. braziliensis and L. panamensis. The patients of atypical cutaneous
leishmaniasis are caused by Leishmania infantum (syn. L. chagasi) (Belli et al., 1999). This last species was also the agent of VL be-
fore its elimination from Nicaragua. L. mexicana, L. braziliensis, and L. panamensis are transmitted mainly in the northern central
highlands (Jinotega and Matagalpa) and Atlantic region. Conversely, atypical cutaneous leishmaniasis caused by L. infantum
(syn. L. chagasi) has been frequently diagnosed in the pacific plain and southern central region (Maroli et al., 2013). The etiologic
agents for cutaneous leishmaniasis may coexist with other species present in the pacific and southern regions. Patients of atypical
cutaneous leishmaniasis are mainly distributed in the municipalities of Leon, Madriz and Chontales (Belli et al., 1999). The trans-
mission cycle of leishmaniasis in Nicaragua is mainly peri domiciliary and intradomiciliary in peri/urban regions. The reservoirs
identified in these areas include opossums (Didelphis spp.), sloths (Choloepus spp., Bradypus spp.), rodents (Rattus spp., Proechimys
spp., Nectomys spp.), and dogs (Cruz-Chan et al., 2015).

Four forms of the disease have been described in Nicaragua since year 2001: CL, MCL, atypical cutaneous leishmaniasis, and VL. Most
of the time, CL clinical signs appear after 2-8 weeks of incubation, as localized erythematous lesions at the sand-fly biting site. Subse-
quently, a macule develops in the same location followed by a papule and a nodule that will eventually ulcerate to form a typical local-
ized cutaneous ulcerative lesion (Reithinger et al., 2007). These ulcers usually present hardened and elevated borders with a central
erosion of the skin covered by a scab (Convit et al., 2006). Sometimes the lesions disappear spontaneously after 3-18 months, leaving
behind atrophic/cribriform hypopigmented scars (Savoia, 2015). When the lesion affects the ear and its cartilage, it is called chiclero
ulcer. When the lesions are not localized, they can appear as multiple diffuse nodular lesions in the face or trunk. Atypical cutaneous
leishmaniasis is also known as the nodular or tuberculoid form of the disease and it is characterized by presenting diffused papules
and nodules in uncovered areas of the body (Handler et al., 2015). The nodules can vary in size (3-30 mm), they are soft to the touch
and will not ulcerate. Nicaragua presents one of the highest incidence rates for atypical cutaneous leishmaniasis, possibly due to the
high content of inorganic volcanic particles in the skin of inhabitants. Convit et al. detected a high concentration of silica and aluminum
in biopsies from patients with atypical nodular lesions of CL from Nicaragua, Honduras, and Guatemala (Convit et al., 2006). The pres-
ence of these inorganic particles in lesions from areas of Central American countries characterized by the presence of large amounts of
volcanic ash suggests that environmental factors may contribute significantly to the frequency and clinical manifestations of this type of
leishmaniasis (Convit et al., 2006). Other studies reported that leprosy caused by Mycobacterium leprae was found in many children and
adults with atypical cutaneous leishmaniasis lesions (Soto et al.,2017). Additionally, Soto et al. detected individuals with a coinfection of
Leishmania spp. and Mycobacterium leprae in blood and nasal swabs from Nicaragua and Honduras. The relationship between these
coinfections still needs to be elucidated (Soto et al., 2017). MCL is a metastatic form of CL in the New World. The incubation period
canvary from 1 to 3 months or even years after the scaring of the initial ulcer (Handler et al., 2015). These lesions can invade nasal mu-
cosa and disseminate to oral, pharyngeal, laryngeal, or even lip mucosa. Complications of this clinical form are hoarseness, loss of voice,
odynophagia, dysphagia, cachexia, over infection and death (Handler et al., 2015).

General reports have described the distribution of leishmaniasis in the Americas and the world in previous years (Pan American
Health Organization, 2019) (Alvar et al., 2012). Alvar et al. documented an in-depth global estimate of the burden of leishmaniasis
from 2007 to 2011 that revealed a high incidence and mild underreporting of leishmaniasis in Nicaragua (Alvar et al., 2012).
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Unfortunately, there are no detailed spatial descriptions on the epidemiological situation of leishmaniasis in Nicaragua. The objective of
this study is to present descriptive data about the epidemiology of leishmaniasis in Nicaragua in the context of the distribution of this
NTD in the Americas. This study also provides an epidemiological update on different forms of leishmaniasis found in the three admin-
istrative regions of Nicaragua and its municipalities. The descriptive information provided in this report could be of interest for local and
international public health professionals and institutions as a background for the design of more advanced studies and interventions to
control leishmaniasis in the most affected country of Central America.

2. Materials and methods

This clinical-epidemiological review was made through a non-systematic revision of Pubmed publications related to the key-
words leishmaniasis, epidemiology, clinical manifestations, and prevention, from 2006 to 2018. Epidemiological information was
collected from the World Health Organization (WHO) and the Pan-American Health Organization (PAHO) to draw a general over-
view of the disease in Nicaragua. Regional and local reports in English and Spanish were considered to report statistical informa-
tion. Health authorities from the Ministry of Health of Nicaragua (MINSA) provided the entomological and epidemiological
information for the different forms of the disease from 2001 to 2018. Prevalence, incidence rates, clinical classification of disease,
age groups, sex, and geographic distribution by municipality and department were described in this study. The geospatial data
was represented through ArcGIS version 10.6.1 (http://www.esri.com/arcgis).

2.1. Study area

The study site is the Republic of Nicaragua, which is the largest country in the Central American isthmus, bordered by
Honduras to the northwest, the Caribbean to the east, Costa Rica to the south, and the Pacific Ocean to the southwest. It is located
between latitude 10° and 15° 45’ North and longitude 79° 30’ and 88° West. The nation occupies a landmass of 130,967 km?
(50,567 sq. mi) and contains a population of 6460, 411 inhabitants. Nicaragua has three distinct geographical regions: The Pacific
lowlands, the Amerrisque Mountains (North-central highlands), and the Mosquito Coast (Atlantic lowlands/Caribbean lowlands)
(Fig. 1). The country is divided into 17 administrative departments and 139 municipalities (Supplementary materials).

3. Results
3.1. Case detection and diagnosis

Leishmaniasis patients are actively detected through epidemiological and clinical diagnosis by a community network of health
workers called ESAFC (Equipo de Salud Familiar y Comunitario) at the community level or the daily consultation of patients
(Organizacién Panamericana de la Salud/Organizacién Mundial de la Salud, 2019). The ESAFC consists of doctors, nurses and social
workers that are distributed in each SILAIS, by municipality and department. The Leishmania spp. Parasite is usually present in the
cutaneous borders of the ulcer and mucosa. Therefore, the smear sample is obtained by scrape, punch, or aspiration biopsy from
the borders of the most recent lesion. The smear samples are studied at the municipal or departmental level using Giemsa stain to
detect the protozoan by microscopy. If the smear results are negative, new samples are sent to the Departmental or Central level
to do culture or molecular studies of the tissue (Ministerio de Salud, 2014a). The parasite culture is done with the tissue sampled
from the patient using the special media (Novy-McNeal-Nicole) for Leishmania spp. The culture can reveal flagellated forms of the
parasite or promastigotes. In the case of epidemiological and clinical suspicion of VL, it is recommended to test the patient's serum
using the Ag-rk39 immunochromatographic test. Another test that is frequently used is the Intradermal Leishmanin Test or
Montenegro Test, which is an injection of killed Leishmania spp. promastigotes that will induce a Delayed-Type Hypersensitivity
response in persons with previous exposure to the Leishmania parasite. This test usually appears negative in persons with no pre-
vious exposure to the parasite or anergic patients, and it is positive in persons with a history of localized cutaneous lesions. A pos-
itive result appears as a subcutaneous induration (>5 mm after 72 h) at the injection site (Torres-Guerrero et al., 2017). A person
can be positive after three months of the initial infection and it can remain this way indefinitely. Indirect Immunofluorescence and
PCR (Polymerase Chain Reaction) are done at the central level in Managua at the CNDR (Centro Nacional de Diagndstico y
Referencia) (Ministerio de Salud, 2014a). Biopsy specimens and/or scrapings of cutaneous or mucosal ulcerations are taken
from the border of the most recent lesion and used as PCR samples (Ministerio de Salud, 2014a). Ninety-five percent of the pa-
tients included in this study were diagnosed by clinical examination in endemic areas, followed by microscopic examination of the
tissue sample and PCR at the CNDR. Approximately 5% of the patients were diagnosed only by clinical and microscopic examina-
tion of the tissue sample due to geographic and logistical difficulties of shipping samples to Managua for specialized diagnosis at
CNDR (Ministerio de Salud, 2014a).

3.2. Epidemiology

During 2001-2018, the Republic of Nicaragua reported 59,448 patients (Fig. 2). Approximately 90%-95% of the national pa-
tients corresponded to CL and 5-10% correspond to MCL. The disease is distributed in the three regions of the country, with a
higher burden in the Central region, followed by the Atlantic and the Pacific (Ministerio de Salud, 2019). Twenty-six patients
of VL were reported from 2001 to 2010. No more patients of VL have been reported after this period (Fig. 2-4). The increase in
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Fig. 1. Administrative Regions of Nicaragua. Source: Adapted from Instituto Nicaragiiense de Estudios Territoriales. INETER. (https://www.ineter.gob.ni/)

the amount of cases of CL reported in 2008 and 2016 (Fig. 3) was responsible for the peaks observed in the overall leishmaniasis
case count in Fig. 2. The burden that MCL and atypical cutaneous leishmaniasis produce the country (Fig. 4) is not enough to
cause drastic changes in the overall case count for all forms of leishmaniasis (Fig. 2).

In 2011 and 2012 Nicaragua presented the second highest incidence rate in the Americas with 65.38 and 65.9 patients per
100,000 population, respectively. Almost one-half of the patients reported in 2011 corresponded to children under 10 years old
(49.1%). In 2013, Nicaragua reported 59 patients per 100,000 population and total case count of 2913 (Fig. 5). Apart from
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Fig. 2. Number of patients with visceral leishmaniasis (VL) and cutaneous & mucocutanoeus leishmaniasis (CL & MCL) in Nicaragua. 2001-2018.
(Source: Pan-American Health Organization. Ministry of Health. Managua, Nicaragua.)
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detecting patients in the North-Central Region of the country, the MINSA detected a wide distribution of the disease the Atlantico
Norte Department (Fig. 5). In 2014, Nicaragua registered the highest incidence rate out of 16 Latin American countries studied by
PAHO for that year (62.97 patients per 100,000 habitants) with a predominance in Jinotega and Matagalpa, as show in Fig. 5 (Pan
American Health Organization, 2014). The leishmaniasis composite indicator (which considers the average number of cases and
incidence from the past three years for CL and VL) remained intense for the year 2015 and the disease showed similar distribution
as in previous years (Fig. 5). The composite indicator measures the mortality and morbidity effects of leishmaniasis into a single
indicator that can serve as a tool to compare the burden of the disease across populations. In 2016, the incidence rate dramatically
increased to 84.30/100,000 inhabitants. 5393 patients of leishmaniasis were reported in the “Sistemas Locales de Atencién Integral
en Salud” (SILAIS) of Jinotega (2378), Matagalpa (1544), Las Minas (651) and Nueva Segovia (415). The municipalities that pre-
sented the highest prevalence were El Cua (965), San José de Bocay (867), Rancho Grande (384) and Wiwili (383) (Ministerio de
Salud, 2019). This increase in the number of patients was recorded as the highest rate in the Americas due to an outbreak in El
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Cu4, a town located in the Jinotega Department (Fig. 5). This phenomenon was probably due to environmental factors that facil-
itated the reproduction of Lutzomyia spp. in endemic areas, such as the increase in moisture caused by the presence of hurricanes
and tropical storms and to the increase in the screening by social service physicians during that year (La Prensa, 2017) (Ministerio
de Salud, 2016). The high altitude, sylvatic landscape and abundance of vectors and reservoirs present in the Central and Atlantic
Regions of the country may serve as a risk factor for the population at risk. In 2017, the incidence rate was 65.90/100,000 inhab-
itants with a total prevalence of 4338 patients. Most of the patients were reported in San José de Bocay (657), Rancho Grande
(530), El Cua (527), and Waslala (452), as presented in Fig. 5 2018 had a slight decline in new patients with an incidence rate
of 57.67 per 100,000 inhabitants. Most of the patients were reported in the North Central (76.54%) and Atlantic (21.63%) regions
of the country (Fig. 8). The least number of patients were registered in the Central and South Pacific regions (1.83%). Fifteen ad-
ministrative departments presented patients of leishmaniasis. Most of the patients were reported in the municipalities of San Jose
de Bocay (510), El Cua (441) and Rancho Grande (379) in the central region; Siuna (341), Waslala (314) and Bonanza (72) in the
Atlantic region; Telica (Hotez et al., 2014) and Managua (World Health Organization, 2020b) in the pacific region. CL and MCL
were reported in 90 municipalities of Nicaragua in 2018 (Fig. 5).

From 2013 to 2018, the disease was detected in the three regions of the country, with a higher burden in the Departments of
Jinotega, Matagalpa and Atlantico Norte. The municipalities with the highest proportion of patients were El Cua (23.92%), Waslala
(14.16), Santa Maria de Pantasma (9.62%), Rancho Grande (9.03%) and Siuna (7.67%). 14.78% of the patients corresponded to chil-
dren under 5 years old and 14.13% to children >5 <10 years of age. 71.8% of the patients reported during this period were 10 or
more years old (Fig. 6). The disease is almost evenly distributed among sexes, with a slight predominance in males over females
(Fig. 7). Females aged 1-9 were more likely to present leishmaniasis lesions than males in the same age range for the year 2018.
The similar proportion in this age range in both sexes is probably due to intra domiciliary exposure during childhood. After the
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first decade of life, males represented the majority of leishmaniasis patients in comparison with females (Fig. 6-7). Laboral expo-
sure to the vector is a major risk factor of infection during adulthood in Nicaragua.

3.3. Treatment

The pharmacological treatment available in Nicaragua for uncomplicated CL and MCL is meglumine antimoniate (Glucantime).
The recommended dosage for CL and MCL is 20 mg/kg IM or IV for 20 days and 20 mg/kg IV or IM for 28 days, respectively
(Ministerio de Salud, 2014a). The intramuscular injection should be applied in the gluteus maximus. Intralesional treatment
with glucantime is recommended in patients with contraindications for systemic treatment or when the cutaneous lesion presents
the following characteristics: single ulcer over 900 mm? (in any location, except the head and joint regions), absence of immuno-
suppression and a high tolerance for its application (Ministerio de Salud, 2014a). CL responds better and faster to glucantime than
the MCL form. The most common adverse effects of the systemic medication are anorexia, nausea, vomiting, abdominal pain, my-
algia, arthralgia, and lethargy (Ministerio de Salud, 2014b). Electrocardiographic alterations such as wave T inversion, QT interval
prolongation, and arrhythmias, can depend on the dosage of the drug and duration of treatment. Therefore, blood tests and elec-
trocardiograms are indicated during treatment (Ministerio de Salud, 2016). Glucantime is contraindicated in pregnant women and
persons with cardiac, hepatic, or severe renal diseases. Amphotericin B (AmBisome) is reserved for therapeutic failure to
glucantime and special patients, such as immunodeficiencies, the elderly, or patients of visceral leishmaniasis. It is common to
present chills, fever, and thrombophlebitis after the infusion of AmBisome. Discontinuation of treatment is recommended when
nephrotoxicity is detected (Ministerio de Salud, 2014a).

34. Prevention

Leishmaniasis was included in the list of Mandatory Notifiable Disease in 1980 by the MINSA. Ever since, the disease is re-
ported regularly through the ENO (Enfermedad de Notificatién Obligatoria) form (Ministerio de Salud, 2014b). The document is
then inputted into an electronic database by epidemiologists at the municipal and departmental level. The MINSA uses a commu-
nity model called MOSAFC (Modelo de Salud Familiar y Comunitario) which focuses the prevention at the community level
(Ministerio de Salud, 2014b). Prevention of the disease starts with the education of the population at risk by the ESAFC. This
team is also in charge of conducting field investigations to detect the focus of peri-domiciliary/intra-domiciliary infection in the
community. The ESAFC team needs to wear protective clothes, repellent and impregnated bed nets with deltamethrin/lambda-
cyhalothrin when studying an outbreak in the communities. When the peri-domiciliary transmission is detected, the epidemiol-
ogist of the municipality must identify infected dogs and other animals that can serve as a reservoir for the infection (Ministerio
de Salud, 2014b). It is recommended to spray with deltamethrin or lambda-cyhalothrin all pig pens, barns corrals, etc. When the
transmission is intra-domiciliary the social workers must spray the interior walls with residual insecticides and provide the family
with impregnated bed nets with deltamethrin/lambda-cyhalothrin (Ministerio de Salud, 2014b).

4. Discussion

This study portrays epidemiological data for the Republic of Nicaragua from 2001 to 2018. Prevalence, incidence rates, clinical
classification of disease, age groups, sex and geographic distribution by municipality and department were described. Approxi-
mately 90%-95% of the national patients corresponded to CL and 5-10% correspond to MCL. The disease is distributed in the
three regions of the country, with a higher burden in the Departments of Jinotega, Matagalpa, and Atlantico Norte. The munici-
palities with the highest proportion of patients were El Cua, Waslala, Santa Maria de Pantasma, Rancho Grande, and Siuna.

In Nicaragua, the MINSA and PAHO are currently implementing strategies to maintain zero patients of VL and reduce the in-
cidence of atypical cutaneous leishmaniasis for future years by decreasing the number of sylvatic and domiciliary reservoirs
(Organizacién Panamericana de la Salud/Organizacién Mundial de la Salud, 2019). However, even with several control measures
being employed, the PAHO still considers Nicaragua a high-intensity country for CL due to an extremely high yearly incidence
rate, a rating Nicaragua has failed to dissociate from for over a decade (Maia-Elkhoury et al.,, 2016). In fact, the country has pre-
sented more than two-thousand patients per year for more than 15 years with peaks of leishmaniasis prevalence detected in 2008
and 2016 (Fig. 2-4). This phenomenon may be due to an increase in diagnosed patients by social service nurses and physicians
during those years. It is important to consider that most of the patients were reported in the poorest municipalities of the country,
where underreporting issues still remain due to difficulties in accessing population, low number of health care personnel, and low
number of health care infrastructure. Alvar et al. estimated mild levels of underreporting for cutaneous leishmaniasis
(2.8-4.6-fold) and visceral leishmaniasis (1.2-1.8-fold) through epidemiological questionnaires to national/international experts
and literature searches (Alvar et al., 2012). These results suggest that leishmaniasis is a bigger burden for Nicaragua and that it
is necessary to measure the magnitude of underestimation within the country to fully understand the true picture of the disease.

About 40-45% of the Nicaraguan population lives in high transmission zones, such as sylvatic or mountainous areas that are
potential transmission sites for leishmaniasis. Furthermore, intense deforestation has been reported in the Central and Atlantic re-
gions of the country (Liscow ZD, 2013) (Gourdji et al.,, 2015), which may increase the prevalence of the disease due to the alter-
ation of the ecosystems and human invasion of territories with high vector density (Purse et al., 2017). Most of the persons living
in Central or Atlantic regions of the country acquire the disease after the first ten years of age, doing agricultural or military work.
After the first decade of life, the disease becomes predominantly a male infection due to occupational exposure to the bites of
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Fig. 8. Prevalence of cutaneous leishmaniasis by Department in Nicaragua, 2018.
Source: Adapted from Mapa de Padecimientos. MINSA. (http://mapasalud.minsa.gob.ni/mapa-de-padecimientos-de-salud-
de-nicaragua/)

sand-flies in coffee or cacao plantations in endemic regions of the country, such as Jinotega and Matagalpa (Fig. 8). The clinical
manifestation in females is mainly detected when they are less than ten years of age (13.0%). The percentage of affected
women in Nicaragua is 41.9% as compared to 58.1% for men in 2018. This data suggests a high domicile or peri-domicile infection
rate for women and a high infection rate for economically active men working in agricultural settings (Fig. 5-6). The relationship
between poverty and leishmaniasis is very complex: if the poverty of a region increases, the risk of acquiring leishmaniasis and
presenting severe forms of the disease, also increases. Additionally, the disease by itself can exacerbate the poverty in affected
families due to high expenditure in healthcare, the inability of family providers to work in the field of even high mobility/mortal-
ity for family members (Okwor and Uzonna, 2016). In Nicaragua there is a steady internal rural-rural migration stream due to
seasonal labour for the agricultural industry from the Atlantic coast to the Central region and vice versa (World Health
Organization, 2010). There is also a stable migration from rural areas of the Atlantico Norte and Atlantico Sur to urban cities in
the central and pacific regions This migratory flow of persons from endemic regions to non-endemic municipalities can change
the distribution of the disease as seen in Fig. 5. In addition to the socioeconomic and migratory factors that play a role in the
high burden of leishmaniasis in Nicaragua, it is also important to consider the environmental variables that facilitate the transmis-
sion of the infection in endemic areas. Different studies have shown that environmental factors, such as temperature, elevation,
topography, and vegetation may create a perfect habitat for the vector and intermediate hosts of the parasite and therefore en-
hance the transmission of the disease (Macours and Vakis, 2010). It is possible that the high elevation, vegetation, and humidity
of the endemic areas are directly linked to a high number of Lutzomyia spp. habitats, a high number of non-human hosts (espe-
cially dogs), and human infection.

The price of the medication for leishmaniasis is relatively expensive and it causes a high economic burden for endemic coun-
tries with very high incidence rates (World Health Organization, 2010). As mentioned above, Nicaragua's treatment regime
focusses on meglumine antimoniate (Glucantime) and Amphotericin B (AmBisome) only, without considering other PAHO recom-
mended drugs such as miltefosine which usually is not used due to its unavailability in the region (Macours and Vakis, 2010).
Control strategies should always consider the socio-economic context of the country and the affected communities. Since CL
and MCL are not lethal diseases and prevention strategies for leishmaniasis are very costly and complex, the control strategies de-
signed for these forms of leishmaniasis have been focused on the medical treatment and not on the control of non-human reser-
voirs and Lutzomyia species. Even though the prevention strategies used in Nicaragua are relatively effective, they could be
enhanced to reduce the transmission of the disease in hotspots by using satellite images and remote sensing techniques. Health
promotion, communication, education, and social mobilization should be a priority for the Regions of Jinotega, Matagalpa, and
Atlantico Norte (Las Minas), which are the most affected departments (Fig. 8). Additionally, the supplies and medication for di-
agnosis and treatment should always be present in endemic regions, and the investigation for outbreaks must be performed
promptly for successful control. PAHO/WHO recommendations are currently being followed to promote actions to reduce sources
of infection for the vector, through entomological surveillance and integrated vector/canine surveillance (World Health
Organization, 2019).

As a major NTD, a zoonosis, and a vector transmitted infection, leishmaniasis is an extremely difficult burden to control in de-
veloping nations. The disease presents complex characteristics in the Americas since it uses different intermediate hosts, parasite
species, vector species and even clinical manifestations, which can complicate the diagnosis and clinical management. It is
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necessary to work towards analytical studies of disease outbreaks to create scientifically based strategies to control leishmaniasis
at the local, regional, and national level. Determining the risks factors and environmental conditions that play a role in the trans-
mission of leishmaniasis is necessary to create effective control measures in Nicaragua. It is imperative to continue building strong
collaborations between government, non-profit organizations, pharmaceutical companies, and philanthropists to control and erad-
icate the different clinical forms of leishmaniasis worldwide.

5. Conclusions

National and international control efforts have been effective in the elimination of visceral leishmaniasis in Nicaragua since
2011. Unfortunately, there has been an expansion of the distribution of CL and MCL in the North Central and South Atlantic re-
gions of the country. The historical data provided in this study suggests that there has been little or no improvement in the con-
trol of CL, MCL, and atypical cutaneous leishmaniasis from 2001 to 2018. These results could inform interventional strategies to
address the burden of leishmaniasis in Nicaragua, which would improve the likelihood of meeting the goals described in the
PAHO's Leishmaniasis Plan of Action for the Americas. A limitation of this study is that we could only retrieve the case counts
of leishmaniasis for 2001-2012, without the data for sex distribution, age-range, and municipality. Health education initiatives
for both healthcare personnel and the general population are extremely important to support the national leishmaniasis elimina-
tion plan. Optimized diagnostic and vector control measures are imperative for the control of leishmaniasis in Nicaragua.

Key messages

There has been an expansion of the distribution of CL and MCL in the North Central and South Atlantic regions of
Nicaragua. Epidemiological and geospatial data could inform interventional strategies to address the burden of leishmaniasis in
Nicaragua.
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